the conclusions of these authors have thus been based on methods which lack the specificity required for the identification of virus. It is the purpose of the present report, therefore, to approach this problem more directly by attempting to determine the distribution of poliomyelitis virus between the two chief components of the cell--nucleus and cytoplasm---during the incubation, the acute, and the convalescent stages of infection.
Methods and Materials
A factor of major consideration in a study of this kind is the selection of a method most suited for the fractionation of cells of the CNS, for the techniques in current usage (18) do not lend themselves readily to the separation of the components of these cells. The method of separation of nuclei devised by Behrens (19) and modified by Dounce et al. (20) requires the lyophilization of the tissue, a procedure which inactivates poliomyelitis virus. The yield of CNS nuclei obtained by the citric acid method (21, 22) has turned out to be poor, and this, plus the fact that it is difficult to remove the bulk of the fiber in the CNS, eliminated this procedure from our consideration. Mirsky and Pollister were also unsuccessful in attempting to use citric acid as a means of isolating nuclei from the CNS (23) . The procedure of Hogeboom, Schneider, and Palade (24) involving the use of sucrose would, perhaps, lend itself to the separation of nuclei from neurons; however, this method, designed primarily for the isolation of mitochondria and other cytoplasmic particulates, leaves the nuclei grossly contaminated with cytoplasmic components, making it difficult to evaluate the results of virus titration in animals. The problem of the small number of neurons relative to the total mass of the CNS adds further difficulty to the use of this technique.
A method devised by Mirsky and Pollister (23) , and used extensively in the present investigation, depends on the differences in solubility in 0.15 ~t sodium chloride between the cytoplasmic and nuclear components. By repeated washing with physiological saline of either tissue slices or suspensions, the cytoplasmic components, including ribose nucleoprotein, can be washed away, leaving the nucleus intact. When the residual nuclei are now treated with 1.0 ~ sodium chloride, in which the desoxyribose nucleoprotein of the nucleus is soluble, the nuclei are disrupted. Extraction of cytoplasmic ribose nucleoprotein with 0.15 M saline has been used by Mirsky and Pollister for a variety of mammalian tissues and for certain bacteria; this procedure has also been employed to remove pneumococcal ribose nucleoprotein prior to the isolation of the transforming factor (25) . For our purposes, the main objection to this method is based on the fact that much tissue debris is present to which cytoplasmic virus may adhere. However, repeated washing with physiological saline would be expected to overcome this disadvantage. The particular advantage of this method lies in the fact that it is not necessary to isolate nuclei directly; and since the present studies are concerned primarily with brain and spinal cord, the difficulties encountered in attempts to isolate nuclei from the CNS are avoided. In addition, 1.0 m sodium chloride appears to have no untoward effect on poliomyelitis virus. For the purposes of the present report the first 0.15 ~r extract will be called "cytoplasmic" fraction and the subsequent 1.0 ~t extract, "nuclear" fraction.
Viruses. Lansing Strain.--Mice, inoculated intracerebraUy, were sacrificed at the time of paralysis and their spinal cords and medullae harvested. This pool, constituting the 267th serial passage of the Lansing virus in mice, was made into a 10 per cent aqueous suspension, distributed to capped lusteroid tubes, and frozen at -200C. until used. The infectivity titer of this pool was I0 -a.s per 0.03 ml. as measured by repeated titratlons in mature mice.
Newborn mice (0 to 24 hours old) are much lesg susceptible than mature mice to this strain of virus (26, 27) ; in infant mice the virus pool had an intracercbral titer of i0 -1.z per 0.01 mi.
MEFI Strain.--Two lines of this strain were employed: one which had gone through 5 intracerebral passages in mature mice and has been considered non-adapted to newborn mice; the second line of this strain had gone through 81 passages in young mice a few days old and has been considered adapted to newborn mice. Both lines of the MEFI strain were obtained from Drs. Jordi Casals and Peter Olitsky who adapted the MEFI strain to infant mice (28) . In our hands, the non-adapted strain had a titer of I0 -~.~ per 0.01 mi. in I to 2 day old mice and i0 "-8-° per 0.03 ml. in 4 to 6 week old mice; the adapted strain had a titer of I0 ~'° per 0.01 mi. in the young mice and I0 -4.s per 0.03 mi. in the adult mice. Albino "Swiss" mice 3 to 6 weeks old, were anesthetized with ether and exsanguinated. The brains and cords of these animals were removed and placed immediatdy in the refrigerator. For the experiments with newborn mice, only the brain was removed up to the 5th day following inoculation; thereafter, both brain and cord were fractionated. The CNS tissue was weighed, the average weight of one brain and cord being 0.5 gin., and put into a cold Waring blende d with 9 volumes of ice cold 0.15 M NaC1, buffered to pH 7.5-7.8 with phosphate. The tissue was homogenized for 1 minute in the cold room. (When the CNS of individual mice were fractionated, the tissue was homogenized by grinding in a previously chilled mortar.) The resulting homogenate was then placed in a 250 mi. centrifuge bottle and spun at about 2000 g (3000 R.P.M.) for 20 minutes in the International refrigerated centrifuge, the temperature being maintained at 0°C. The supernatant fluid was decanted and saved as the "cytoplasmic" fraction.
With the sediment remaining at the bottom of the centrifuge bottle, 200 nil. of cold 0.15 saline was added, the bottle corked, and then allowed to shake gently (30 cycles/minutes) on a motor-driven platform shaker in the cold room. At the end of i0 minutes, the bottle was returned to the centrifuge and the resuspended material sedimented by spinning at 2000 g for 5 minutes. The sediment was washed in this fashion 6 times. The seventh washing was carried out in precisely the same manner, except that in this instance the volume of the 0.15 NaC1 added was equivalent to the amount of the cytoplasmic fraction removed after the first centrifugation. The last washing was saved and constituted the seventh wash.
The thoroughly washed sediment was now taken up in a small amount of 0.15 ~t saline to permit its transfer to a previously weighed lusteroid tube. The tube was then spun as mentioned above to sediment the suspended material. The supernatant fluid was discarded and the tube, the walls of which were wiped dry with sterile gauze, was again weighed to determine the weight of the sediment. To the tube, an equal volume of 2.0 ~ NaC1 was added, followed by enough 1.0 x¢ NaC1 to make a 10 per cent suspension. Soon after the concentrated salt solution was added, the mixture became extremely viscous, an indication that the nucleoprotein of the nucleus had passed into solution. The material in the tube was transferred to a 125 mi. Erlenmeyer flask which was allowed to shake for varying periods of time (usually overnight) in the cold room for the purpose of extraction.
Because of the increased viscosity of the material extracted with the concentrated salt solution, it was necessary to spin it at the relatively high force of about 9000 g (10,000 r.p.m.) for 20 minutes). The sediment from this centrifugation was discarded and the supernatant fluid saved; the supernatant fluid was considered to be the "nuclear" fraction. If mice were available, the fractions obtained were inoculated immediately; otherwise, they were stored at -20°C. until used. 
I I i
Supernate Sediment It should be stressed that material other than cell nuclei are present in the sediment obtained after 0.15 xc saline extraction; however, only the nuclei present in such a sediment appear to be affected by the treatment with molar saline. In addition, the physiological saline is not without effect on the cell nuclei--this solution may, in part, dissolve some protein out from the nuclei. The photomicrographs in Figs. 1 and 2 show the effect of the two salt solutions on the nuclei of the mouse CNS.
Infectivity Determinations.--Serial tenfold dilutions of the cell fractions were made with physiological saline, except for the nuclear fraction which was diluted with 1.0 ~s saline. If this fraction is diluted with physiological saline, the dissolved nucleoprotein precipitates from solution (23) , In order to avoid the formation of this precipitate, dilutions of the nuclear fraction were made with 1.0 M saline and inoculated intracerebrally into mice made completely quiescent by deep ether anesthesia. When virus obtained by 0.15 M saline extraction was diluted with 1.0 M saline for purposes of titration, no increase in titer was found over that when it was diluted with 0.15 ~r saline.
Young adult mice were inoculated intracerebrally with 0.03 ml. of the respective dilution, 8 mice being used per dilution. Mice were observed daily for a period of 30 days. Deaths which occurred on the first days were considered non-specific and were not included in the final tabulations. Virus titers were calculated by the method of Reed and Muench (29). 
~.XPERIm~TAL m~S~TS

Distribution of Lansing Poliomyelitis Virus within the Cdls of the CNS
The following experiment, typical of many, was performed to determine whether the technique outlined under Materials and Methods could be applied to a study of the distribution of virus within cells.
A group of mice was inoculated intracerebrally with 100 LDs0 doses of Lansing virus. The spinal cords and medullae of 8 mice down with disease on the 5th day were harvested and fractionated into "cytoplasmic" and "nuclear" fractions. These two fractions, as well as the 7th "wash" with 0.15 u NaC1 were now titrated in mice.
The results in Table I show clearly that after the removal of the "cytoplasmic" fraction, which had a titer of 10 -*.7, little virus could be detected in the wash of the "nuclear" fraction, its titer being less than 10 -1"°. The addition of 1.0 xt saline did indeed cause a marked rise in virus concentration, which, in this case, was practically identical (10 -s.°) with "cytoplasmic" virus. In other experiments the amount of virus recovered in the "nuclear" fraction usually titrated less than the "cytoplasmic" fraction by 0.5 to 1.5 logarithmic units; i.e., the ratio of "cytoplasmic" to "nuclear" virus varied from 1.0 to 0.03. It appears from the results of such experiments that one can determine the distribution of virus between "cytoplasmic" and "nuclear" fractions by taking advantage of the differences in solubility in dilute and concentrated salt solutions exhibited by the cytoplasmic and nuclear constituents.
If the "nuclear" fraction which has been extracted with molar saline is added to 6 volumes of water, the dissolved nucleoprotein precipitates in the form of fibers (23) . When this was done with the "nuclear" fractions obtained in the above experiments and the fibers removed and redissolved in molar saline, it was found that the virus was not associated with the nudeoprotein fibers, but it remained in the supematant fluid after the removal of the nucleoprotein precipitate. This finding is analogous to that of Francis and Kurtz (40) who, in somewhat similar experiments, also found no association between precipitated nucleoprotein and herpes virus.
Intracellular Localization of Virus after Inoculation of a Relatively Large Dose of the Lansing Strain
The experiments described suggest only that virus may be found in both cytological areas at the time of paralysis; they yield no information as to the development of virus during the course of infection. An experiment was thus designed to answer this question.
To determine how virus would be localized intracellularly after the inoculation of a relatively large dose of virus, the following experiment was carried out.
Seventy-two mice were each inoculated with 0.03 ml. containing 100 LD60 doses of Lansing virus. Groups of 8 to 10 mice were sacrificed at the foUowing intervals: 0, 6, 24 hours and 2, 3, 4, and 5 days after inoculation. The brains and cords of these mice were fractionated and tested as described under Materials and Methods.
It will be noted in Text- fig. 2 that after the initial titer of 10 -°'s, there was a drop in virus titer in the "cytoplasmic" fraction, so that at 6 hours after inoculation no virus could be detected. The virus multiplied at a rapid rate, reaching a titer of 10 -3 .~ at 24 hours, an approximately fortyfold increase over the initial titer. Virus in the cytoplasm continued at this level for the next 3 days and then rose to a titer of 10 -~'e on the 5th day which was the 1st day of paralysis, this titer being that of the cytopiasmic fraction of the CNS tissue of the paralyzed animals.
Virus did not appear in the "nuclear" fraction of the CNS tissue of the animals until the 2nd day after inoculation, at which time it reached a level of 10-2.5, the titer being almost as high as that in the cytopiasm. The curve in Text- fig. 2 shows how the development of "nuclear" virus paralleled that of "cytopiasmic" virus after the initial 48 hour lag. The significance of the appearance of virus in the "nuclei" is reinforced by the fact that little or no virus could be recovered from the wash.
IntraceUular Localization of Virus after Inoculation of a Small Dose of the Lansing Strain
It was considered possible that by inoculating a large dose of virus into the brain of a mouse, as in the previous series, the susceptible cells might be over-whelmed with virus. To determine whether the finding of virus in the "nuclei" would be influenced by the dose inoculated, an experiment was performed using as small a dose as practical.
Eighty-five mature mice were inoculated intracerebrally with 3 LDs0 doses contained in 0.03 nil. Groups of 8 to I0 mice were sacrificed at the following intervals: 0, 6, 24 hours and 3, 6, 8, and 9 days after inoculation, and the brains and cords fractionated.
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Lonsing Virus 100 LDSO Doses LC. Following the inoculation of such a small dose of virus, the agent could not be detected in the cytoplasmic fraction until the 3rd day of incubation, reaching a titer of 10 -1.s, a sixtyfold increase over the initial concentration (see Text- fig. 3 ). Virus in the "cytoplasm" continued to increase until it reached its peak on the 8th day when the CNS had a titer of 10 --4-s, and mice first showed signs of paralysis.
The present results show that after inoculation of only 3 LDs0 doses, virus again appears in the nuclear fraction. As may be seen in Text- fig. 3 , virus appeared in the "nuclei" at the same time as in the "cytoplasm," and except for a drop in titer on the 6th day, the "nuclear" virus paralleled the "cytoplasmic" virus throughout the course of the infection. As virus could not be detected at all in any of the washes, the isolation of virus from the "nuclei" appears all the more significant. 
INTRACELLULAR LOCALIZATION OF POLIOMYELITIS VIRUS
Virus levels were followed during the period of paralysis. Although adult mice inoculated with Lansing virus usually die within 24 hours after onset of paralysis, 3 mice were obtained which survived for 36 hours after onset of disease and these animals were sacrificed at that time. It may be readily seen from the curves in Text- fig. 3 that 36 hours after onset of paralysis virus already started to decline in the "cytoplasmic" fraction and would probably have fallen to a very low level in a short time; this decline in titer was less pronounced in the "nuclear" fraction. The rapid fall in virus titer after paralysis is in ac- 
Adsorption of Virus to "Nuclear" Fraction
At this point in the study, the question arose whether or not virus derived from the nuclear fraction might be due to the adsorption of virus from the cytoplasmic fraction. Further, it was also considered possible that if adsorption does occur, differences might be detected between the adsorptive capacity of the "nuclear" fraction of normal cells for viruses isolated from the "cytoplasm" or from the "nuclei" of infected cells. The following experiments were carried out to test these possibilities.
Adsorption Experiment/.--Ten mice, down with disease, were sacrificed and their CNS tissue fractionated as described. There were therefore two fractions from these mice---"cytoplasmic" virus and "nuclear" virus. Thirteen normal, uninocuiated mice were also sacrificed and the CNS tissue of these animals also fractionated; in this case, however, only the sediment remaining after the cytoplasmic fraction had been removed was employed. This sediment was washed 7 times and constituted the normal nuclear fraction. The normal nuclear fraction was divided into 2 parts: to the first part, 9 volumes of "cytoplasmic" virus were added; to the second part, 9 volumes of "nuclear" virus. These mixtures were allowed to shake gently overnight in the cold room; at the end of this period of shaking, the two mixtures were centrifuged in the cold at 9000 g for 20 minutes. The supernatant fluids from this centrifugation, as well as the original virus fractions which had been kept in the refrigerator during the experiment, were now titrated in mice.
An examination of the results in Table II reveals that no detectable adsorption had occurred. Both ~'cytoplasmic" virus and the supernate obtained after this virus had been mixed with the normal nuclear fraction were about equal in titer, the former being 10 --s-° and the latter 10 -2.0. The results with the "nuclear" virus and its corresponding supernate were identical, each having a titer of 10 -3-2. Since there was no apparent adsorption of virus by the nuclear fraction of normal CNS tissue from either of the two virus fractions, the possibility that one of them might have been adsorbed more readily was eliminated. However, if one assumes, for example, that 50 per cent of the virus present had been adsorbed, there would be a difference in titer between the control and the adsorbed virus of 0.3 logarithm, and measurements of this change in virus concentration are too slight to be of significance. In light of this possibility, the following experiment was carried out.
Adsorption Experiment 2.--The first part of the procedure was exactly the same as described in the preceding adsorption experiment: the CNS tissue of paralyzed mice were separated into "cytoplasmic" and "nuclear" fractions; these two fractions were again added to a normal nuclear fraction and treated as described above. Now, each of the two sediments remaining after the overnight extraction was washed 7 times with 0.15 u saline. Each washed sediment was then divided into two parts: to one part, 9 volumes of 1.0 • NaC1 were added and to the second, 9 volumes of 0.15 M NaC1. These mixtures were allowed to agitate gently in the cold room overnight and were then centrifuged at 9000 g for 20 minutes in the cold. The supernatant fluids from this centrifugation were now titrated in mice: A, "cytoplasmic" virus; B, 7th wash; At, supernate of the mixture of "cytoplasmic" virus and normal nuclear fraction; As, 7th wash of the sediment At; As, sediment of A1 extracted with 0.15 M NaC1; A4, sediment of At extracted with 1.0 M NaCI. The corresponding fractions of the "nuclear" virus C were also titrated in mice.
The results of the first part of this experiment confirmed those obtained in the preceding experiment. The titers of the two fractions were the same before and after being mixed with the normal nuclear fractions of CNS tissue. If the amounts of virus adsorbed to the normal "nuclear" fraction were too small to be detected by the procedure outlined in Experiment 1 (and in the first part of Experiment 2), one would expect that further fractionation would now release even small amounts of virus. The results in Table III demonstrate in a striking manner that no virus was present upon further fractionation of the sediments (A2, As, C2, Ca) with the exception of a trace of virus in the 7th wash of the sediment to which "cytoplasmic" virus had been added. It would thus seem that adsorption plays no role in these experiments on the localization of virus within the cells of the CNS. Although these adsorption experiments serve to lend support to the concept that poliomyelitis virus does appear to be associated with the "nuclear" fraction of infected cells, the conditions of the experiments might not obtain within infected cells. The "nuclear" fraction to which virus was added was derived from the CNS of normal mice; it is conceivable that "nuclei" of infected cells might differ in a functional manner so that virus, once adsorbed, is more firmly bound. It is difficult, however, to conceive of an experiment which would readily dismiss this possibility. No evidence is at hand to indicate that "nuclei" of normal and infected cells differ in their adsorption coefficients in respect to viruses.
Intracdlular Localization of Lansing Virus in the CNS of Individual Mice
With the elimination of adsorption of virus to the "nuclei" as a factor in the intracellular localization of Lansing virus, it appears that the isolation of virus from the "nuclear" fraction as demonstrated in the first three experiments is a real phenomenon. However, the use of a pool of brains and cords from a number of mice obscures the events which occur in the CNS of the individual mouse, such as (1) the variation in response of individual mice to infection with poliomyelitis virus, and (2) the variation in the presence and level of virus in the "nuclear" fraction of these mice. To unmask these events, the following experiment was carried out.
Forty-five mice were inoculated intracerebrally with 10 LD~0 doses of Lansing virus. Four mice were sacrificed at the following intervals: 0, 1, 1.5, 2, 2.3, 3, 5, 7, and 15 days after inoculation. Paralyzed mice were sacrificed on the day they came down with disease. The CNS tissue of each mouse was fractionated separately in the usual manner and the various fractions titrated in mice.
From the results in Table IV , it may be seen that virus could be detected in none of the mice during the first 24 hours after inoculation. Virus in the "cytoplasm" first appeared in mice sacrificed at the 36 hour interval. The level of virus concentration in the "cytoplasm" was low in 3 of the mice, the highest titer being 10 -1.s, and in mouse 12, it was barely detectable. No virus appeared in the "nuclear" fractions at this time, except for a trace in mouse 12.
After 48 hours virus had reached a higher level than it had 12 hours earlier, but it may be noted that there was a variation among the 4 mice with respect to virus in the "cytoplasm": from a titer of 10 m.4 in mouse 14 to a trace of virus in mouse 16. In addition, the only animal in this series with a significant amount of virus in its "nuclear" fraction was mouse 14 with a titer of 10 -1-°. Possibly, had this animal been allowed to survive, it might have come down with paralysis on the following day.
The pattern of virus increase in the "cytoplasm" was relatively the same in the 4 mice sacrificed at 2.5, 3, and 5 days after inoculation; there was a variation in the amount of virus present in the "cytoplasm" and only one animal in each of the first 2 groups, mouse 19 and mouse 23, had a significant amount of virus in the "nuclear" fraction, the respective titers being 10 -t-r and 10-1.3. The variation among the individual mice was even more striking in the group sacrificed 7 days after inoculation. Mouse 29 and mouse 30 had no virus at all in their cytoplasm, whereas mouse 31 had a titer of 10 -2.s in the cytoplasm of its CNS cells. After 15 days of incubation, one mouse had little virus in its cytoplasm, while 3 yielded titers of 10-2.° or over.
All the mice described thus far belong to the non-paralytic series, and in this series 19 out of 34 mice (56 per cent) had virus in the "cytoplasm", whereas only 7 (27 per cent) had virus in the "nuclei". In contrast to this series, all the mice in the paralytic group (I00 per cent) had virus in the "cytoplasm", and 9 out of II mice (81 per cent) had a titer of 10-°.~ or greater in their "nuclear" fractions. Variations existed among the paralytic mice also, as reflected in the range of titers of "cytoplasmic" virus (10-2.4 to I0 --8-8) and of "nuclear" virus (0 to 10-2'8). A number of the animals in the non-paralytic series had a titer of virus in the "cytoplasm" which was as high as that found for the paralytic mice. The chief differences between such mice and paralyzed mice lay in the amount of virus in the "nuclear" fraction.
The results show dearly that the individuals of a given colony of mice vary considerably in their response to infection with Lansing virus. The data in Table IV reveal that not only was there a variation among the individual mice with respect to the amount of virus present in the "cytoplasm" at a given time, but this was equally true of "nuclear" virus. The differences in response of individual mice to infection with poliomyelitis virus are reflected also in the variation in the time required for mice to come down with disease. Young and Merrell (31) have observed incubation periods up to 60 days, and Armstrong (32) has reported incubation periods as short as 24 hours and as long as 93 days.
INTRACELLITLAR LOCALIZATION O1 ~ POLIOMYELITIS VIRUS
Comparison of the Intracellular Localization of "Adapted" and "Non-Adapted" Virus in the CNS of Newborn Mice
Young mice are, in general, more susceptible than adult mice to inoculation with neurotropic viruses (33) (34) (35) , with the notable exception of poliomyelitis virus (26, 27) . Recently, however, a Lansing type strain, MEF1, has been adapted to newborn mice (28) , in that this strain is highly infectious for such animals. It was considered of interest to determine whether differences could be detected between the adapted and non-adapted strains in their intracellular development. Lansing virus in newborn mice was also studied for comparison.
Three groups of mice, each 2 days old, were inoculated in the brain with the following viruses contained in a volume of 0.01 mi.: (a) 800 LD60 doses of MEF1, adapted strain (P-81); (b) 30 LDs0 doses of MEF1, non-adapted strain (P-5); 3 LDs0 doses of Lansing virus. The amount of virus present in the inoculum was determined by the titration of these strains in mice of the same age as those used in the test. Based on the titration of these strains in adult mice, the number of LD~0 doses contained in 0.01 ml. was as follows: MEF1 (P-81) 1600; MEF1 (P-5) 33; and Lansing, 33. In this experiment only the brains of the animals were fractionated, unless the animals happened to survive beyond the 5th day of the incubation period, in which case both the brains and cords were used. The brains alone were used because of the difficulties in removing the cords of animals less than 5 days of age.
For the MEF1 strain (P-81), groups of 15 to 20 mice were sacrificed at the following intervals after inoculation: O, 6, 12, 24, and 54 hours. Paralysis of the mice first occurred at the 54 hour interval, when in addition to non-paralytic mice, a group of paralyzed mice were also sacrificed. These close intervals of time were selected because a large amount of virus was inoculated and because this strain, being adapted to newborn mice, multiplies rapidly in young animals. Similar groups of mice inoculated with the MEF1 strain (P-5) were sacrificed at the following intervals of time after inoculation: 0, 5, 24, and 72 hours. Paralysis was first noted at 72 hours, when a non-paralytic and a paralytic group were sacrificed. Finally, mice inoculated with Lansing virus were also sacrificed in approximately the same numbers, the time intervals, however, being somewhat longer: 0, 6, 24 hours and 3, 5, and 7 days. Paralysis was first observed on the 7th day.
After fractionation of the CNS of these animals, the various fractions were titrated in adult mice. Since adult mice are more susceptible to rodent strains of poliomyelitis virus, and fewer non-specific deaths occur among them, these mice were the test animals of choice. It will he evident from the results that the method of using adult mice enhanced the sensitivity of measuring the early increase of virus in newborn mice.
The data presented in Text- fig. 4 show that the pattern of intracellular virus development demonstrated for Lansing virus in adult mice obtained here as well. Within 6 hours after inoculation of the M E F 1 strain (P-81), the virus titer in the "cytoplasm" dropped from 10 -2.~ to 10 -~'s, almost a tenfold decrease. By 12 hours the titer increased to 10 -~'s, which was approximately the level of virus recovered immediately after inoculation. 12 hours later, which was 36 hours after inoculation, there was a decided increase of virus concentration to 10--4"°; this level was maintained until 54 hours after inoculation when paralysis occurred among the mice. I t may be seen that the concentration of virus in the "cytoplasm" did not increase after the maximum titer had been reached at 36 hours; indeed, even though this amount of virus was present, the animals did not come down with paralysis until 18 hours later when the level of virus in the "nuclei" had increased.
Virus in the "nuclei" did not reach an appreciably level until 24 hours after inoculation, reaching a titer of 10-2.°. 12 hours later the titer was 10-2.4 and after 54 hours of incubation the titer reached the level of 10 q.3 in the nonparalytic group and 10-3"° in the paralytic group.
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TExT-FIo. 4. Intracellular growth curves of the MEF1 strain of poliomyelitis virus "adapted" to newborn mice.
The MEF1 strain (P-5) was recovered from the "cytoplasm" immediately after inoculation, the titer being 10 -~.°, but 12 hours later no virus at all could be detected. 24 hours of incubation were required before virus in the "cytoplasm" had developed to a concentration somewhat greater than that recovered immediately after inoculation. At the end of 3 days, there was a fortyfold increase in virus concentration in the non-paralytic group and a one hundredfold increase in the paralytic group, the titers being 10 -2.e and 10 -8.° (see Text-fig. 5 ).
A trace of virus was detected in the "nuclear" fraction at 0 hours, for only one of 8 inoculated mice developed paralysis. Virus could not be detected again in this fraction until 3 days after inoculation when it was present at the relatively high level of 10 -2-3, a considerable increase over the amount recovered immediately after inoculation. The "nuclei" of the paralyzed mice had a lower titer (10-1.0 than those of the non-paralyzed mice (10-~.0; this single observation is unusual since in practically every other instance the level of virus in the "nuclear" fraction of paralyzed mice was either greater or about the same as in non-paralyzed mice.
A few mice, which had come down with paralysis after an incubation period of 3 days, survived for 7 days after onset of disease. Virus persisted in the "cytoplasm" for a week in these animals, the titer being 10 -1.7. There was just a trace of virus remaining in the "nucleus."
Following the inoculation of Lansing virus into newborn mice, virus with a titer of 10 -1.° could be recovered (Text-fig. 6 ). Virus persisted for 12 hours at the slightly higher level of 10 -1'4 and then decreased to 10 -° .~ at 24 hours. This low level was maintained on the 3rd day after inoculation and then was elevated on the 5th day to 10 -3.3, a sixtyfold increase in virus concentration over the previous period. During the entire period between the time of inoculation and the 5th day, virus was at a subinfective level for the infant mice and virus would not have been detected except for the fact that adult animals were employed. There was practically no further change in virus concentration in the "cytoplasm" of the cells of the mice paralyzed on the 7th day, the titer being at that time 10 -~.5.
Virus in the "nuclear" fraction of the CNS tissue of the mice inoculated with Lansing virus did not make its appearance until the 5th day of incubation. At that time there was a titer of 10 -~'7, which represents a fiftyfold increase over ,..
Ooys after inoculation
T]~xT-Fm. 6. Intracellular growth curves of the Lansing strain of poliomyelitis virus in newborn mice. the initial virus concentration. The titer of virus in the "nuclear" fraction remained at approximately the same level on the day of paralysis, the titer being 10-1.4.
A comparison of the results obtained with the three strains of virus shows that all follow the same pattern of development with respect to the distribution of virus between "cytoplasm" and "nuclei": as the concentration of virus increased in the "cytoplasm," virus could be detected in the "nuclei," a condition true in all instances. The over-all differences among the strains appear due to the relative infectivity of each strain, these decreasing in the following order: MEF1, P-81; MEF1, PS; Lansing. This difference is associated with the amount of each strain inoculated into the animals, since the more infective the virus for the young animals, the greater the LD~0 titer, so that the inoculum, a 10 -1.° concentration of infected CNS, represented widely different quantities of virus for the three strains.
Leacking Experiments
Recent studies (20, 36, 37) have shown that aqueous solvents will leach protein from the nuclei of liver cells. I n the experiments with Lansing virus it was noted that if the nuclear fractions were washed seven times, little or no virus would appear in the wash; but if the material were allowed to shake overnight in contact with 0.15 • NaC1, virus would appear in the superuatant fluid. I n view of the work just cited, experiments were designed to determine to what extent viral protein, designated as "leached" virus, could be washed out from the "nuclei" with physiological saline. Six mice, which had come down with paralysis, were anesthetized and exsanguinated. The CNS tissue of these mice were removed and pooled, and then fractionated as usual with the following exception: after the sediment had been washed six times with large volumes (200 ml. per washing) of 0.15 M NaC1, the sediment was divided into 6 parts. These 6 parts were divided into 2 groups of 3 each; to one group 9 volumes of 0.15 ~ NaCl were added to each of the 3 flasks, and to the second group, 9 volumes of 1.0 M NaC1. These 2 groups were now shaken gently in the cold room for the following periods of time: 10 minutes, 50 minutes, and 18 hours. At the end of each interval of time, one of the parts from each group, that is, a sediment suspended in 0.15 M saline and one suspended in 1.0 ~ saline, was removed and cen trifuged at 9000 g for 20 minutes. The resulting supernates were kept in the refrigerator u~ til all the sediments had been centrifuged. All of these, including the original cytoplasmic fraction, were now titrated in mice.
These experiments were designed to determine the level of "nuclear" virus starting with the 10 minute extraction period and ending with the 18 hour period, and to determine whether virus extracted with 0.15 vr NaCl would behave the same or differently. An examination of Table V indicates that after 10 miniates the 1.0 ~ NaC1 extract (the "nuclear" fraction) had a rather high concentration of virus (10 -1.4 to 10-1'9); the 0.15 M NaC1 wash on the other hand contained little or no virus. By 60 minutes, the titer of virus in the "nuclear" fraction remained about the same (10 -1.4 to 10-~.4), but virus with a titer of 10 -1.° and 10 -x'8 appeared in two of 0.15 saline extractions and just a trace in the third experiment. After 18 hours there was a somewhat higher concentration of virus in the 1.0 ~r NaC1 extract (10 -3.8 to 10-~-e); there was also an increase in the amount of virus leached from the nucleus by the physiological saline, especially in Experiment 3 in which the titer rose from just a trace of virus to one with a titer of 10 -1'3.
These experiments demonstrate that virus can be leached from the "nuclear" fraction by shaking the sediment with 0.15 M saline for 1 hour. It should be remembered that virus appears in the earlier 0.15 M saline washes and disappears only after six or seven washes, so that shaking for 60 minutes cannot be considered merely as another wash but rather as a real extractive procedure.
Rdationship between" Cytoplasmic," "Nuclear," and "Leacked" Viruses of Paralyzed Mice
In connection with the leaching experiment, a summary has been made (Text- fig. 7 ) of 13 experiments in which overnight extraction with 0.15 ~ NaC1 had been included as a check upon the efficiency of 1.0 ~r NaCI as an extracting agent. Only the fractions of the CNS tissue from mice down with paralysis have been included in this summary, since virus appeared in both cytoplasmic and nuclear fractions of these mice in almost every instance.
When the CNS tissue of such mice is fractionated and the cytoplasmic fraction removed, the sediment which remains can be washed free of virus. About 6 per cent of the virus found in the cytoplasmic fraction can be recovered in the second wash, only 0.01 per cent from the fifth wash, and none or merely a trace of virus in the seventh wash. This has been found in several experiments, only one of which is recorded in Text- fig. 7 . However, when the sediment is now extracted with 1.0 ~r NaC1, a relatively large amount of virus may be recovered. As described in the preceding experiment, shaking the sediment with 0.15 NaC1 overnight will extract virus from the sediment as well. A comparison of the amount of virus extracted by both solutions reveals that 1.0 ~ saline is far more efficient in its ability to extract virus, which, we are of the opinion, is due to the fact that the constituents of the nucleus are dissolved, allowing virus contained within that organelle to be released. In order to make certain that the differences between the amount of virus extracted by the 2 solutions are significant, the results have been subjected to a statistical analysis which demonstrated that the difference between the amount of virus extracted with 1.0 ~ saline is significantly greater than that obtained by overnight extraction with 0.15 ~ saline (P = ~0.01). This would appear to lend further credence to the concept of virus of "nuclear" origin, since the nuclei remain intact after washing with the weaker salt solution and are disrupted only by treatment with the stronger salt solution.
DISCUSSION
Throughout the course of this study on the intracellular localization of poliomyelitis virus reference has been made repeatedly to the term "nuclear" fraction. Implicit in this term is the assumption that the molar saline extract differs from the extract obtained with physiological saline in that the contents of the nuclei have been spilled into the concentrated saline solution. The following evidence supports this conclusion :--(a) Histological examinations of the sediment (see Figs. 1 and 2) show that the nuclei are intact after thorough washing with physiological saline. Contact with 1.0 M saline, however, removes the nuclear contents so that the nuclei of the CNS ceils are no longer intact but are only "ghosts" of these organelles. It is important to note that the debris, in which the nuclei are enmeshed, remains unaffected by either 0.15 M or 1.0 M saline as determined microscopically. In this regard, the photomicrographs of Mirsky and Pollister (23) demonstrate that cells need not be broken for the separation of cytoplasm from nuclei of liver cells--mere washing of liver slices with the two salt solutions was sufficient.
(b) When molar saline is added to the thoroughly washed sediment, the mixture becomes very viscous, indicating that the nucleoprotein of the nuclei has passed into solution. Evidence that the cytoplasmic ribose nucleoproteins are soluble in 0.15 M NaC1, and that the desoxyribose nucleoproteins are insoluble in this solution has been offered by Mirsky and Pollister (23) . Since the only known source of the latter proteins is the nuclei of cells, the fact that the desoxyribose nucleoprotein appears only after addition of 1.0 ~ saline indicates that the contents of the nuclei have passed into solution. These workers have correlated this chemical evidence with the cytological evidence mentioned above.
The results of the present study show that virus may indeed be present within the nuclear fraction of the cells of the CNS, as defined here. Mter "cytoplasmic" virus was removed, it was possible to reduce the concentration of virus in the wash of the sediment so that just a trace of virus was present. Upon the addition of molar saline there was an upsurge of virus concentration which was at times not far below the titer of the cytoplasmic fraction. As only the nuclear contents pass into solution upon the addition of the concentrated salt solution, and as virus appeared at the same time, we have assumed that such virus was associated with the nucleus.
The question naturally arises whether virus obtained from the nuclear fraction after the addition of molar saline may be due to the release of virus ad-sorbed to this fraction at the time the cells were disrupted. Evidence has been provided which suggests that the detection of virus in the nuclear fraction is not an adsorptive phenomenon but is due rather to the intracellular position of virus. By persistent washing of the nuclear fractions of infected CNS tissue with large volumes of physiological saline, virus could no longer be obtained by additional washing with the isotonic saline. This suggests that virus exists in the cell in two forms: (a) virus that can be removed readily by persistent washing with physiological saline, and (b) virus that can be obtained at the time of nuclear lysis. Further evidence against adsorption playing a role in the intracellular localization of poliomyelitis virus has been provided (Tables  II and III) . In these experiments, virus added to the nuclear fraction of normal CNS tissue was not significantly adsorbed; further, small amounts of virus which were adsorbed were readily removed by washings with physiological saline and no additional virus could be obtained by subsequent extraction with molar saline. Even though virus was not adsorbed to the "nuclear" fraction in our experiments, the possibility must be considered that the "nuclear" sediment was contaminated by cytoplasmic particles too large to remain in the supernate, and that these particles were also rendered soluble by the molar saline.
The intracellular development of Lansing virus in the CNS of mice followed the same general course regardless of the dose inoculated. Virus appeared first in the "cytoplasm" and was detected later associated with the "nuclear" fractions. This was true for most of the experiments in which the development of virus was studied. Generally, the virus level was high in the "cytoplasm" the day before paralysis; virus in the "nuclear" fraction usually reached its peak on the day of paralysis.
A comparison of the intracellular development of the "adapted" and "nonadapted" strains of MEF1 revealed that differences in the intracellular localization of these viruses could not be detected. Further, even though Lansing virus develops to a lesser extent in newborn mice, its pattern of development was the same as that of the two lines of MEF1. From this experiment, it appears that factors other than the increase of virus in the "cytoplasm" or "nuclei" are involved in the ability of the adapted strain to multiply to such high titer in the brains of newborn mice in contrast to the non-adapted MEF1 strain and the Lansing virus. The "cytoplasmic" growth curve of these three viruses confirms that found by Ainslie (38) for Lansing virus in adult mice: there was a drop in titer shortly after inoculation, a "constant" period, and then a rise in titer.
In the study of the dynamics of intracellular development of Lansing virus in adult and newborn mice and the MEF1 strains in newborn mice, there appears to be a similar thread running through all these experiments. In the experiments with the individual mice, for example, the virus concentration in the cytoplasmic fraction of paralyzed mice was not much different from that in many of the non-paralyzed animals, the chief difference between the two groups being the amount of virus present in the "nuclear" fraction. This was even more striking, perhaps, in the experiments with newborn mice. The titer of MEF1 adapted strain in the cytoplasm was as high on the 1st day after inoculation as it was on the day of paralysis, 2.5 days later; the titer of virus in the nuclear fraction, however, started at a low level and increased steadily until it reached its peak on the day of paralysis. This pattern was equally true of the MEF1 non-adapted strain, and was particularly evident in the case of Lansing virus in newborn mice. Is it possible that in addition to other factors, the presence of a critical level of virus concentration in "nuclei" as well as in the "cytoplasm" causes an animal to show manifestations of disease? The experiments reported in this paper do not provide sufficient evidence to state with any degree of certainty that there is a correlation between the level of virus in the "cytoplasm" and "nuclei" and subsequent paralysis. However, the data are suggestive that this might be the case, and further experiments to determine the validity of this point seem to be in order.
In many of the experiments on the localization of poliomyelitis virus reported here, 0.15 M saline served as a control for the ability of 1.0 M saline to dissolve the nuclear contents and thus presumably to release virus contained within the nuclei. That the more dilute salt solution can extract virus from the "nuclei" has been shown by the leaching experiment, but 60 minutes' contact between the sediment and the salt solution was required for this extraction to occur. On the other hand, molar saline dissolved the contents immediately and 10 minutes (probably less) sufficed to extract most, if not all, the virus present in the nuclear fraction. The desoxyribose nucleoprotein of the nucleus is not soluble in 0.15 ~ saline, and consequently, nuclei remain intact upon treatment with this solution, although some protein (as much as 50 per cent has been reported) can be leached from the nucleus (20, 36, 37) . On the other hand, this nucleoprotein is soluble in 1.0 x( saline with subsequent disruption of intact nuclei (see Figs. 1 and 2) . Thus, the ability of the hypertonic salt solution to produce a significantly greater yield of virus appears to support the concept of intranuclear virus. This concept is reinforced by the fact that, if the "nuclear" fraction is washed a sufficient number of times with physiological saline, virus can no longer be obtained in the washing. Only after the addition of molar saline is there any immediate reappearance of virus. As mentioned above, an alternate concept would be that large cytoplasmic particles were in the nuclear sediment, and that these also would be rendered soluble by molar saline.
The technique employed in the present investigation has been used by others in attempts to isolate virus from nuclei. Gard and Ostlund (39) studied the distribution of the FA strain of mouse encephalomyelitis virus between isotonic and molar saline extracts of mouse brain. In essence, their data are like those presented in this report--by washing the sediment with 41 volumes of physiological saline, the virus content was reduced to 1 per cent of the virus concentration in the first extract; treatment with molar saline, or ficin, yielded an increase in virus concentration to 15 per cent of that in the first extract.
Francis and Kurtz (40) have also employed similar methods in studying chick embryo livers which had been infected with herpes virus. Their results showed that after the sediment had been washed with physiological saline, there was a considerable decrease in the amount of virus present; after extraction of this washed sediment with molar saline, there was an increase in virus concentration. While these authors believe that no virus was present in the intranudear inclusion, their results actually seem to point to the presence of virus in the "nuclear" fraction. McNair Scott and Gray (41) have carried out studies similar to those of Francis and Kurtz. They separated nuclei by the sucrose method and titrated a suspension of these nuclei on the chorio-allantoic membrane of chick embryos. A portion of the nuclei were extracted with molar saline and titrated subsequently in the same manner; after this procedure substantial increases occurred in the amount of virus recovered. This was particularly true when tissue was taken shortly after infection. In the late stages of infection the amount of virus found in the nuclear fraction progressively decreased. The fact that herpes virus could be demonstrated (particularly by McNair Scott and Gray) in the "nuclei" of infected chick liver cells, supports the interpretation of the results obtained in the present investigation, for similar extraction methods were used.
Recently, Schwerdt and Pardee (42) reported on the intracellular distribution of Lansing virus in the CNS of cotton rats, in which the cellular components were separated with sucrose as the suspending medium. While the methods used were not identical with those of the present study, an examination of their data reveals that their results are similar to those presented here. They also demonstrated that while virus is not preferentially adsorbed by the nuclear fraction, it is found there in infected tissue. It is difficult to ascertain from their data the actual virus titers found for the "nuclear" and "cytoplasmic" fractions, since the results are expressed as relative infectivity. However, expressed in terms of logarithmic units, the titers of the cytoplasmic fractions in 5 of their 6 experiments ranged from 0 to 1.0 logarithm higher than those of the nuclear fractions. These results are in substantial agreement with those obtained here. It would be of interest to know whether treatment of their "nuclear" fractions with molar saline would have yielded even higher titers in view of the results of McNair Scott and Gray (41) . The solute action of molar saline would presumably result in a more widespread seeding of virus when inoculated into the susceptible tissue.
SlYMM'~tRY A study was made of the intracellular localization of Type 2 poliomyelitis virus, using the technique of Mirsky and Pollister (23) for cellular fractionation. After isotonic saline homogenization of central nervous system tissue from infected mice, and subsequent centrifugation of the suspension, the virus present in the supematant fluid was held to be of cytoplasmic origin. Upon serial washings of the sediment with physiological saline, the resulting supernates contained progressively less virus until by the seventh washing, virtually none was present. At this point extraction of the washed sediment with molar NaC1, which lyses the nuclei, yielded substantial amounts of virus, and this was assumed to be from nuclear sources. The possibility has not been excluded however that the "nuclear" sediment was contaminated by cytoplasmic particles too large to remain in the supernate.
Experiments on the increase of virus during the incubation and acute stages of infection have revealed that it was first detectable in the "cytoplasmic" fraction and subsequently in the "nuclear" fraction. Virus in the "nuclear" fraction from paralyzed mice sometimes reached titers almost as high as those found in the "cytoplasm."
Adsorption experiments indicated that the "nuclear" fraction of CNS tissue from normal, uninoculated mice did not adsorb added Type 2 poliomyelitis virus, nor did such fractions adsorb virus procured from the "cytoplasm" or "nuclei" of infected cells.
Although individual mice varied in their response after virus injection, the "cytoplasmic" fraction of paralytic mice was found to contain virus regularly, whereas little more than half of the non-paralytic mice yielded it. When virus was present in the "cytoplasm," it could be found in 'the "nuclear" fraction of paralytic mice with much greater regularity than in that of non-paralytic mice.
A comparison between the lines of the MEF1 strain of poliomyelitis virus, "adapted" and "non-adapted" to newborn mice, and the Lansing strain, revealed no differences in their intracellular increase. In both infant and adult mice, the chief difference in the findings with non-paralyzed and paralyzed mice lay in the greater concentration of virus in the "nuclear" fractions of the latter group. BIBLIOGRAPHY
EXPLANATION OF PLATE 5
Photomicrographs taken by Dr. John B. LeRoy. FIG. 1 . Photomicrograph of a smear made from a 10 per cent suspension of normal mouse cords using 0.15 M NaC1 as the suspending medium. Fixed with heat and stained with Wright's stain. Minimal cytoplasm is evident here, but after washing with 0.15 • NaC1, it disappears leaving the nuclei intact. X 500. FIG. 2 . This is the same preparation shown above after washing with 0.15 M NaCI followed by extraction with 1.0 m NaC1. The nuclear material has been washed out leaving empty nuclei outlined by what is probably residual chromatin material which had been in solution and had precipitated out during the preparation of the slide. X 650.
